Abstract. All of 17 calves 1 to 21 days old and 23 of 24 I-day-old pigs inoculated orally with calf feces containing cryptosporidia oocysts became infected with cryptosporidia. Infectivity was maintained by discontinuous passage in calves, with storage in potassium dichromate solution for up to eight weeks between passages. Cryptosporidia shed in calf feces also were infectious for calves directly after collection, without storage in potassium dichromate (two calves). Infected calves and pigs shed cryptosporidia oocysts in their feces for several days (mean of 10 days). Those necropsied at this stage of infection had many cryptosporidia and partial atrophy of villi in their ilea. All of the pigs and 6Wo of the calves also had cryptosporidia infections in their large intestines at this stage. It was concluded that calf cryptosporidia can be transmitted via feces to calves and to pigs.
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immediately after birth, and fed a milk formula compounded for pigs. Two pigs were inoculated with calf cryptosporidia and two littermates were held in two separate isolation cages as uninoculated controls. This experiment was repeated three times, with a different litter and an inoculum from a different calf each time. In addition, offspring of five sows from one herd were born naturally and allowed to suckle their dams throughout the experiment. Two of the sows were placed in isolation late in pregnancy. Their 18 pigs subsequently were inoculated with cryptosporidia. The other three sows remained in the herd. Their pigs were not inoculated but were tested for fecal cryptosporidia when the pigs were 1 week old. Calves were 1 to 21 days old (mean 6), and pigs were 1 day old, when inoculated. Controls were not inoculated.
The initial inoculum was feces from a calf with diarrhea. Microscopic examination showed the feces to contain cryptosporidia. The feces were suspended in 2.5% aqueous potassium dichromate (one volume feces plus two volumes of potassium dichromate) and stored at 20°C to 25°C in a glass jar closed loosely to permit exchange of air. Before use as an inoculum, 10 ml of the fecal-dichromate suspension was dialysed against 6 liters of Ringer's solution at 4°C. This procedure for fecal storage, with dialysis to remove potassium dichromate before animal inoculation, was used throughout the study. Ten discontinuous passages were done as follows: after two weeks' storage in potassium dichromate, the initial inoculum was given to a calf. When the recipient calf shed cryptosporidia in feces, a fecal sample was collected, stored in potassium dichromate for one to eight weeks and used as the inoculum for the next calf. Calves and pigs were inoculated by gavage or by mixing the inocula with the milk at a regular feeding. Inocula were 10 ml/animal(3.3 ml fecal equivalent).
In addition, feces containing cryptosporidia were taken from the rectum of two calves in the series and given immediately (without passage through potassium dichromate) to two uninfected calves (1.0 ml/calf).
Feces were examined for cryptosporidia by microscopic examination of Giemsa-stained smears [14] . All animals were examined for fecal cryptosporidia at least once prior to inoculation. After inoculation of principals, all calves were examined daily, and all pigs every other day, for fecal cryptosporidia. The three litters of uninoculated pigs that remained in the herd, however, were examined for cryptosporidia in feces only once, when 1 week old. Some animals were killed by intravenous barbiturates and necropsied (tables I and 11). Histologic sections of formalin-fured, paraffin-embedded, hematoxylin and eosin (HE)-stained tissues from stomach (fundus), anterior small intestine, mid small intestine, posterior small intestine (ileum), cecum and spiral colon were examined microscopically. Ten calves and four suckling pigs that became infected with cryptosporidia after inoculation with calf feces stored in 
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potassium dichromate were examined for rotavirus and coronavirus as follows: Fecal samples collected on the day of onset of diarrhea were examined for rotavirus by direct electron microscopy [7] . Sections of ileum and colon from animals that were killed while they were shedding cryptosporidia and had diarrhea (tables I and 11) were frozen and examined for rotavirus and coronavirus by immunofluorescence microscopy [7] . Two of the calf fecal samples examined for rotavirus also were cultured for salmonella [7] .
Results

Calves
Cryptosporidia were not found in feces from any of the principals prior to inoculation. All calves inoculated with potassium dichromate-stored fecal suspensions containing cryptosporidia subsequently shed the organism in their feces ( fig. 1 ) for several days (table I) . Cryptosporidia usually were not demonstrable in feces until day 3 or 4 after inoculation, but were found as early as one day after inoculation in one calf and not until seven days after inoculation in another. The inoculated calves all developed diarrhea. The onset and duration of diarrhea in inoculated calves correlated with fecal shedding of cryptosporidia (table I). All 12 calves that were killed while they were shedding cryptosporidia had cryptosporidia and lesions in their ilea (table I). The infection was allowed to run its course in five calves. These were all clinically normal and had histologically normal alimentary tracts when necropsied one to seven days after they had stopped shedding cryptosporidia (table  1) .
Both calves given feces directly from the rectum of infected calves (potassium dichromate omitted-data not given) subsequently shed cryptosporidia in their feces and developed diarrhea. One of them had cryptosporidia and lesions in the ileum when killed and necropsied four days after inoculation. The other shed cryptosporidia for nine days. It became weak and emaciated and was moribund with persistent diarrhea when killed eighteen days after inoculation. Neither cryptosporidia nor alimentary tract lesions were found at necropsy.
None of the control calves shed cryptosporidia at any time: most of them, however, developed diarrhea (table I) . Diarrhea in controls was less profuse and shorter in duration than that in inoculated calves.
Pigs
None of the hysterectomy-derived pigs had cryptosporidia in their feces prior to inoculation. A11 six inoculated pigs subsequently shed cryptosporidia in their feces and developed diarrhea three to five days after inoculation. Diarrhea persisted until they were killed (table 11) 5 to 14 days after inoculation, while still shedding cryptosporidia. All six had cryptosporidia and lesions in their ilea. None of the six littermate controls shed cryptosporidia. When they were 3 to 7 days old, however, they all developed diarrhea of one to four days' duration. None of them had cryptosporidia or lesions in their alimentary tracts when necropsied (table 11) .
None of the suckling pigs nor their dams had detectable cryptosporidia in their feces prior to inoculation. Seventeen of the 18 inoculated sucklings shed cryptosporidia in their feces for several days starting three to six days after inoculation (table  11) . Sixteen of them developed diarrhea. Six were killed and necropsied while they had diarrhea and were shedding cryptosporidia. All six had cryptosporidia and lesions in their ilea. The mean duration of fecal shedding of cryptosporidia in the remaining pigs was 9.5 days. Diarrhea ceased within one day of the cessation of cryptosporidia shedding in all of them. None of the recovered pigs had ileal cryptosporidia when necropsied several days after they stopped shedding cryptosporidia, but one did have ileal lesions. Both dams remained clinically normal throughout the experiment, but one shed cryptosporidia on day 11 after inoculation of her pigs.
None of the three dams and 20 suckling pigs that were uninoculated and remained with the herd had cryptosporidia in their feces. All remained normal throughout the two-week observation period.
Histology
The 13 calves and 12 pigs necropsied while still shedding cryptosporidia consistently had shortened villi in their ilea (fig. 2) . These partially atrophic villi were covered by cuboidal to squamous epithelium with basophilic cytoplasm. There were many cryptosporidia associated with these atrophic ileal villi (fig. 3) . Occasionally, the intestinal lumen adjacent to infected villi contained cellular debris and neutrophils. Mononuclear cells and neutrophils were numerous in the lamina propria of infected animals. Infection did not extend into crypts in the small intestine. Infection and partial atrophy of villi usually extended to the middle and occasionally to the anterior small intestines. Infection extended to the cecae and colons of eight of thirteen calves and all of the pigs examined while still infected. In the large intestines, both surface and crypt epithelium were infected. Infected epithelial cells in the large intestines of pigs were cuboidal, basophilic, and irregular (fig. 4) . The lumina of the infected crypts sometimes were distended with debris, neutrophils, and cryptosporidia. The lesions in the large intestines of calves tended to be less severe and to have fewer associated cryptosporidia than in pigs.
Extraneous agents
No rotavirus was found in the ten cryptosporidia-infected calves and four cryptosporidia-infected pigs examined, and no salmonella in the two cryptosporidia-infected calves examined. One of the ten cryptosporidia-infected calves was infected with coronavirus as well. Diarrheal disease and coronavirus infection occurred among calves retained in the herd that supplied this coronavirus-infected calf. Calves from this herd were not used in subsequent experiments. Feces from the coronavirusinfected calf were not used in subsequent passage experiments.
Discussion
These results demonstrate that cryptosporidia shed in calf feces are infectious. Thus, calf cryptosporidia have a direct life cycle, i.e., they do not require a second host to produce the infectious form. Some coccidia with direct life cycles are noninfectious when shed but sporulate and become infectious outside the host. Potassium dichromate has been used as a medium to facilitate sporulation of such coccidia. Cryptosporidia were infectious, however, when taken directly from the rectum. This implies that the practice of removing feces from calf pens every two to three days (prior to the sporulation of most coccidia) probably is less effective for the control of cryptosporidia than for other coccidia.
Cryptosporidia generally are considered to infect a single host species [ 161; we found, however, that calf cryptosporidia infectedboth calves and pigs. In nature, calves may serve as a source of infection for pigs and vice versa. The transmissibility of calf cryptosporidia apparently differs from that of guinea pig cryptosporidia. The latter were transmitted only by prolonged direct contact or by gavage with fresh scraping of infected mucosa taken at a specific stage in the infection, and then for only three or four passages. Furthermore, attempts to transmit guinea pig cryptosporidia via feces, or via material stored in potassium dichromate, or to host species other than guinea pigs, were not successful [ 161.
The results of the work reported here are consistent with, but do not prove, a hypothesis that calf cryptosporidia can cause enteric lesions and diarrhea in calves and pigs.
